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(57) ABSTRACT

The present invention provides an effective flicker detection
method performing a motion compensation. The present
invention includes the steps of: calculating a luminance dif-
ference between neighboring pixels; summing up the lumi-
nance difference in a specific direction if the difference is
greater than a threshold value; performing a motion estima-
tion by using a sum calculated through step (b) to thereby
calculate a motion displacement; performing a motion com-
pensation to a current frame data by using the motion dis-
placement; calculating a difference between a previous frame
data and the compensated current frame data; and detecting
the flicker by using the difference calculated in step (e).

20 Claims, 5 Drawing Sheets
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1
METHOD FOR FLICKER DETECTION IN
IMAGE SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 11/193,673, filed Jul. 28, 2005, now U.S.
Pat. No. 8,072,506, which claims priority to KR Application
2004-0059479, filed Jul. 29, 2004, both of which are hereby
expressly incorporated herein by reference as though set forth
in full.

FIELD OF INVENTION

The present invention relates to a flicker detection method
in an image signal; and, more particularly, to an effective
method for a flicker detection with performing a motion com-
pensation between frames of image data constituted with
plural image signals.

DESCRIPTION OF PRIOR ART

Charge-coupled devices (CCD) were the only image sen-
sors used in a digital image medium until recently. However,
there is a less expensive alternative, e.g., a complementary
metal oxide semiconductor (CMOS) image sensor. The CCD
sensors offer superior image performance and flexibility.
However, the size of the CCD is large compare with the
CMOS image sensor. On the other hand, the CMOS image
sensors offer more integration, lower power dissipation, and
smaller system size although image quality and flexibility of
the CMOS image sensor are far below than the CCD. The
CMOS image sensors are suitable to high-volume, space-
constrained applications where image quality is not critical,
e.g., a camera of a mobile telephone, a security camera, a PC
peripheral, toys, and some automotive applications. How-
ever, great advances have been achieved and CMOS image
sensors with quality comparable to CCD sensors can be pro-
duced. Because of the above mentioned advantages, the
CMOS image sensor is, therefore, used extensively.

However, when various light sources are used for the
CMOS image sensor, a flicker can be generated. When each
line of a pixel array in the CMOS image sensor receives
different light sources, each line has different luminance.
Thus, an additional band is appeared in each line on an image.
The additional band is called as the flicker.

FIG.1 is a diagram explaining a case when a flicker occurs.

As shown, an amount of energy inputted to each line of a
CMOS image sensor varies according to a quantity of input-
ted light and an exposing time of the CMOS image sensor.
Due to a difference of the amount of energy inputted to each
line, the flicker occurs in the CMOS image sensor. This flicker
degrades a quality of the image. Thus, the flicker should be
remedied to thereby improve the quality of the image.

There have been many efforts to remove the flickers. The
most famous three methods are a method using a super reso-
Iution pixel, a frequency detection through a transform, and a
method for removing the flicker by obtaining a flicker period
through detecting a flicker factor from the image itself. How-
ever, the method using the super resolution pixel is hard to
implement. The frequency detection is hard to find an accu-
rate frequency. Further, the method of obtaining the period is
difficult to detect only the flicker factor. Particularly, in order
to detect a flicker from the image signal, a image difference
between a previous frame image and a current frame image is
frequently used. However, the image difference is caused not
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only by the flicker also by a motion, e.g., a hand tremble.
Therefore, it is unreasonable to detect the flicker only by
extracting the image difference.

SUMMARY OF INVENTION

Itis, therefore, an object of the present invention to provide
a flicker detection method performing a motion compensa-
tion.

In accordance with an aspect of the present invention, there
is provided a flicker detection method for detecting a flicker
from an image signal outputted through MxN pixels. Herein
the M and N are natural numbers. The flicker detection of the
present invention includes the steps of: (a) calculating a lumi-
nance difference between neighboring pixels; (b) summing
up the luminance difference in a specific direction if the
difference is greater than a threshold value; (c) performing a
motion estimation by using a sum calculated through step (b)
to thereby calculate a motion displacement; (d) performing a
motion compensation to a current frame data by using the
motion displacement; (e) calculating a difference between a
previous frame data and the compensated current frame data;
and (f) detecting the flicker by using the difference calculated
in step (e).

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments taken in conjunction with the
accompanying drawings, in which:

FIG.1isadiagram explaining a case when a flicker occurs;

FIG. 2 is a flow chart describing a flicker detection algo-
rithm in accordance with the present invention;

FIGS. 3A to 3C are diagrams explaining a data process
method for use in a motion estimation;

FIG. 4 is a diagram showing a motion estimation process;

FIG. 5 is a magnified diagram of W2 shown in FIG. 3C;

FIG. 6 is a diagram showing an operation result of the
present invention.

DETAILED DESCRIPTION OF INVENTION

Hereinafter, a method for detection of a flicker in an image
signal in accordance with the present invention will be
described in detail referring to the accompanying drawings.

The present invention is based on a method of detecting a
flicker from an image. As above mentioned, the method
should detect only the flicker from an image difference
between a previous frame and a current frame including both
the flicker and motions, e.g., a hand tremble.

Thus, in order to obtain a difference between a current
frame and a previous frame, the present invention performs a
motion estimation to thereby compensate the motions. By
compensating the motions through the motion estimation,
most distortion of image caused by the motions can be
removed from the image difference and, thus, a difference
caused by the flicker can be obtained accurately.

Meanwhile, if a frame memory is used for the motion
estimation, a system size is increased. In order to reduce a
required system size, the present invention performs a prede-
termined operation to thereby perform the motion estimation
with small amount of data. Through the operation, the mini-
mum data necessary for the motion estimation is selected and
used for the motion estimation.

A flicker is occurred because a frequency of a light source
and a frequency of an exposing time of a CMOS image sensor
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are different. Particularly, a fluorescent lamp is operated in a
low frequency, e.g., 50 Hz or 60 Hz. Meanwhile, the exposing
time of the CMOS image sensor is generally dozens of milli-
seconds (ms). Thus, when the fluorescent lamp is used for the
light source of the CMOS image sensor, the flicker can be
occurs.

The present invention detects the flicker as following
sequence: obtaining a data required for a motion estimation;
performing the motion estimation; performing a motion com-
pensation; calculating a difference between a motion com-
pensated data and a previous data; filtering the difference by
using a low pass filter to thereby detect local minima of the
difference; analyzing a distance of the two local minima to
thereby obtain a period of the difference; and determining
whether the flicker occurs or not by analyzing the period.

FIG. 2 is a flow chart describing a flicker detection algo-
rithm in accordance with the present invention.

As shown, a method for detecting a flicker from an image
signal outputted in MxN pixels is as follows (herein, the M
and N are natural numbers): calculating a luminance difter-
ence between neighboring pixel data (S201); comparing the
luminance difference with a threshold value ATh (S202);
adding the luminance difference in a specific direction, e.g., a
row direction and a column direction when the luminance
difference is greater than the threshold value ATh (S203);
discarding the luminance difference when the luminance dif-
ference is less than the threshold value ATh (5204); perform-
ing a motion estimation (S205); calculating a motion dis-
placement MD (S206); performing a motion compensation
about a present frame data by using the motion displacement
MD (S207); calculating a difference between the compen-
sated current frame data and a previous frame data in the
specific direction, e.g., the row direction and the column
direction (S208); and detecting the flicker by using the dif-
ference between the frame data (S209).

Passing through the steps S201 to S204, the flicker in the
image signal is partially removed. Meanwhile, instead of
comparing every pixel data in a frame, only the neighboring
pixel data are compared to thereby calculate the luminance
difference. Thus, the motion estimation can be performed by
using one line memory instead of using the whole frame
memory.

At the steps S205 and S206, before generating the motion
displacement MD, a sum of absolute difference SAD is cal-
culated by moving a search window in a search range while an
initial position of the motion estimation which is randomly
chosen is set as a standard. A minimum factor of the SAD is
selected as the motion displacement MD.

At the step S207, the motion compensation of the current
frame data is actually performed by moving the previous
frame data as much as the motion displacement of the current
frame data.

At the step S209, in order to detect the flicker, the differ-
ence between the frame data is low filtered to thereby find
local minima of the difference. Then, by finding a distance
between two local minima, a flicker period is calculated. The
flicker period is compared with a predetermined detection
period for thereby determining whether the flicker is occurred
or not. If the flicker period coincides with the detection
period, it is considered that the flicker is occurred.

Meanwhile, the motion estimation is used importantly in
standards for coded representation of digital audio and video,
e.g., MPEG-2, H.263, and H.264. The motion estimation
refers a method of compensating displacements between con-
secutive video frames induced by moving objects and scene
changes to thereby reduce the image difference between a
current frame and a previous frame.
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FIGS. 3A to 3C are diagrams explaining a data process
method for use in the motion estimation.

Generally, a frame memory is required to perform the
motion estimation. However, it is hard to implement a one-
chip CMOS image sensor including the frame memory
because a hardware burden is overgrown.

Instead of using the frame memory, the present invention
uses a line memory for performing the motion estimation by
adding a difference between each neighboring pixels in a
specific direction, e.g., a row direction and a column direc-
tion. Herein, the present invention performs the addition in
the row direction. However, it is hard to correctly perform the
motion estimation only by adding pixel values in the row
direction because the summation may distorts some of the
pixel values important for the motion estimation.

Accordingly, a new data S,(j) for use in the motion esti-
mation is defined by Equation 1 below.

-1 (Eq. 1)
Sr(p)= Z #pijrs Piorjr)

i=1

In Equation 1, p, ; - denotes a pixel arranged in an i,, row
and aj,, columnofaT,, frame; . denotes a width of the frame;
and j denotes a height of the frame. Further, a function @ is
defined by Equation 2 below.

(Eq. 2)

la—b| if la—-b = Ap
¢(a,b)5{0

otherwise

Herein, A, denotes a predetermined threshold value.

A pixel having great difference with neighboring pixels,
i.e., having a large la—bl value also has a great difference with
a previous pixel at the motion estimation. Therefore, due to
Equation 1, it is allowable to add only pixels having large
difference to thereby obtain the motion displacement MD.
Further, the motion estimation can be performed more cor-
rectly by removing unnecessary values whose la-bl is less
than the threshold value Aj,. Moreover, by obtaining the
difference between the neighboring pixels, the motion esti-
mation can be performed with a data that a flicker is removed,
because the flickers between the neighboring pixels are
almost the same. Accordingly, when the data S,(j) obtained
via Equation 1 is used for the motion estimation, the less
hardware is required for reliably calculating the motion dis-
placement MD.

After collecting the current frame data and the previous
frame data through Equation 1, the motion estimation is per-
formed through the following Equation 3 below.

BS+off
SADO) = > 1S7(j) = Sra i+,
J=aff

(Eq. 3)

v e [-SR, +SR]

In Equation 3, ‘BS’ denotes a block size that the motion
estimation will be performed; ‘off” denotes an initial position
of the motion estimation; ‘SR’ denotes the search range.

FIG. 3B describes the calculation of the difference between
the frame data without compensating the motion displace-
ment MD. As shown in W1, a result of the calculation without
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compensating the motion displacement MD is irregular wave
form and, therefore, it is impossible to find a period.

FIG. 3C shows the calculation of the difference between
the frame data with compensating the motion displacement
MD to thereby detect the flicker. As shown in W2, a result of
the calculation with the motion compensation has a predeter-
mined period. This period is used to detect the flicker.

FIG. 4 is a diagram showing a motion estimation process.

As shown, the motion estimation is performed by passing
through a scan and a SAD calculation. Herein, an area drawn
a deviant crease represents the search window SW, i.e., the
block size BS. The search window SW can move bidirection-
ally, for example, from upside to bottom and vice versa as
shown in FIG. 4.

When the SAD is defined as Equation 3, a final motion
displacement MD is defined as follows.

MD=arg(min{S4D(v)}) (Eq- 4

In Equation 4, the minimum value of the SAD is able to be
found by an operator ‘min’. The final motion displacement
MD value is determined by an operator ‘arg’ which returns an
argument v having the minimum SAD value.

After the motion displacement MD is selected, the motion
compensation is performed. The motion compensation does
not use the data generated via Equation 1 but use a value
generated by Equation 5 below.

L (Eq. 5)
Ur(j) = Z PijT

i=1

UZ(j) is a sum of the pixels in one row of a certain frame.
Further, an error of the motion compensation is defined as
follows.

€(=Ur()-Ur.,(G+MD) (Eq. 6)

By using the compensation error €(j), a flicker period is
determined. Generally, Equation 6 includes many noises.
Thus, before determining the flicker period, the noises are
filtered by a low pass filter. If a period of local minima of the
low filtered data, i.e., the flicker period corresponds to a
predetermined detection period, the filtered data is deter-
mined as the flicker. When a number of the local minima
whose flicker period is corresponding to the detection period
in a certain frame is greater than a predetermined number, the
corresponding frame is considered that the flicker is occurred.

FIG. 5 is a magnified diagram of W shown in FIG. 3C to
thereby explain a detection of the flicker period by using the
local minima of the compensation error and a determination
of'the flicker. Herein, Ppt denotes a previous value of a wave;
Cpt denotes a current value of the wave; Fpt denotes a fol-
lowing value of the wave. When the current value Cpt is the
least value from the Ppt, Cpt, and Fpt, the current value Cpt
becomes the local minima. A period of the local minima, i.e.,
the flicker period is counted to thereby detect the flicker.

Meanwhile, local maxima can be used instead of the local
minima. When the current value Cpt is most value from the
Cpt, Ppt, and Fpt, the current value becomes the local
maxima.

FIG. 6 is a diagram showing an operation result of the
present invention.

As shown, a horizontal axis represents a frame number; a
vertical axis represents the number of local minima whose
flicker period is different from the detection period. Herein,
the flicker period is detected by the flicker detection method
performing the motion compensation. If the number of local
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minima whose flicker period is different from the detection
period in a certain frame is more than 3, it is determined that
the frame does not include the flicker. As shown in FIG. 8, the
present invention correctly detects the flickers in 89 frames of
100 frames.

As abovementioned, the present invention performs the
flicker detection unlike the conventional art that detects the
flicker simply by calculating the diftference between the pre-
vious frame and the current frame. That is, the present inven-
tion compensates the motion, e.g., a hand tremble to thereby
detect the flicker by using the compensated frame data.
Accordingly, the present invention is able to detect the flicker
reliably and, further, improve the quality of an image.

The present application contains subject matter related to
Korean patent application No. 2004-59479, filed in the
Korean Patent Office on Jul. 29, 2004, the entire contents of
which being incorporated herein by reference.

While the present invention has been described with
respect to the particular embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

What is claimed is:

1. A flicker detection method for detecting flicker in an
image signal, the method comprising:

using a computing device to perform the following:

(a) determining luminance differences between neigh-
boring pixels in a line of pixels;

(b) comparing each luminance difference to a non-zero
luminance threshold to determine whether each lumi-
nance difference is greater than the luminance thresh-
old;

(c) in response to determining that a luminance differ-
ence is greater than the luminance threshold, increas-
ing a sum of luminance differences that are greater
than the luminance threshold by the respective lumi-
nance difference;

(d) performing a motion estimation using the sum to
determine a motion displacement;

(e) performing a motion compensation on a current
frame data using the motion displacement to yield a
compensated frame data;

(f) determining a difference between a previous frame
data and the compensated current frame data; and

(g) detecting the flicker using the difference determined
in step (D).

2. The method of claim 1, wherein the flicker is partially
removed by steps (a)-(c).

3. The method of claim 1, wherein steps (a)-(c) use a line
memory.

4. The method of claim 3, wherein step (a) determines the
luminance difference between the neighboring pixels, and
wherein each of the neighboring pixels are placed in neigh-
boring two lines, respectively.

5. The method of claim 1, wherein the line of pixels is one
of'a row of pixels and a column of pixels.

6. The method of claim 1, wherein in step (d), an initial
position of the motion estimation is decided depending on a
search range.

7. The method of claim 6, wherein step (d) comprises:

calculating a sum of absolute difference (SAD) from the

initial position to a block size of a search window; and
selecting the least SAD as the motion displacement.

8. The method of claim 1, wherein step (f) comprises
determining a difference between the previous frame data and
the compensated current frame data in a direction of the line
of pixels of step (a).
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9. The method of claim 8, wherein the direction is one of a
row direction and a column direction.
10. The method of claim 1, wherein step (g) comprises:
filtering the difference between the previous frame data
and the compensated current frame data to thereby
detect a plurality of local minima; and
detecting a flicker period by using the local minima.
11. The method of claim 10, wherein the flicker period is
used for determining whether flicker has occurred.
12. The method of claim 1, wherein step (f) comprises:
filtering the difference between the previous frame data
and the compensated current frame data to thereby
detect a plurality of local maxima; and
detecting a flicker period by using the local maxima.
13. The method of claim 12, wherein the flicker period is
used for determining whether flicker has occurred.
14. A method comprising:
using a computing device to perform at least the following:
determining luminance differences between neighboring
pixels in a line of pixels;
comparing each luminance difference to a luminance
threshold to retain luminance differences greater than
the luminance threshold and remove luminance differ-
ences less than the luminance threshold for a sum of
luminance differences greater than the luminance
threshold;
summing up the retained luminance differences that are
greater than the luminance threshold to yield the sum of
luminance differences greater than the luminance
threshold; and
detecting flicker by using a difference between a previous
frame data and a compensated current frame data.
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15. The method of claim 14, further comprising perform-
ing a motion estimation using the sum to determine a motion
displacement.

16. The method of claim 15, further comprising perform-
ing a motion compensation on a current frame data using the
motion displacement to yield the compensated frame data.

17. The method of claim 16, further comprising determin-
ing a difference between a previous frame data and the com-
pensated current frame data.

18. A method of detecting a period of a flicker in image
data, the method comprising:

performing motion compensation on image data to pro-

duce motion-compensated image data; and

detecting the period of the flicker using the motion-com-

pensated image data;

wherein performing motion compensation on image data

includes:

performing motion estimation to determine a motion
displacement; and

performing motion compensation on a current frame
data using the motion displacement to yield a com-
pensated current frame data.

19. The method of claim 18, wherein said performing
motion compensation on a current frame data comprises
moving a previous frame data a direction and amount indi-
cated by the determined motion displacement to yield the
compensated current frame data.

20. The method of claim 18 further comprising determin-
ing a difference between a previous frame data and the com-
pensated current frame data, wherein the period of the flicker
is detected using the determined difference.
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